The stem cell field has grown very rapidly during the last decade, offering the promise of innovative therapies to treat disease. Different stem cell populations have been isolated from various human adult tissues, mainly from bone marrow and adipose tissue, but many other body tissues harbor a stem cell population. Adult tissue stem cells are invariably found in discrete microenvironments termed niches, where they play key roles in tissue homeostasis by enabling lifelong optimization of organ form and function. Some diseases are known to strike at the stem cell population, through alterations in their specific microenvironments, making them non-viable. Furthermore, it has been shown that a transformed stem cell population could prompt the development of certain cancers. This review focuses on the potential negative aspects of a range of diseases on the activity of stem cells and how their potential use in cell therapies may be affected.
Introduction
Adult stem cells (ASCs) are considered the linchpins of tissue homeostasis in mature organs, enabling lifelong optimization of organ form and function [1] . ASCs are localized to specific microenvironments known as niches [2] , which are anatomically defined and comprise extracellular matrix (ECM) components, cells and diffusible factors that together maintain and control stem cell activity. The study of ASCs within their native niche is important because of its direct influence on stem cell behavior.
Stem cell therapy is defined as the use of stem cells to treat or prevent a disease or condition, exemplified by the use of bone marrow-derived stem cells for hematopoietic reconstitution. Cell-based therapies can be classified into two types according to the source of the stem cells: autologous stem cell therapy, where stem cells are first collected from a patient and then returned, and allogeneic stem cell therapy, where stem cells originate from a genetically similar but not identical donor.
Properties and hierarchy of stem cells
Stem cells are undifferentiated long-lived cells characterized by two important features. They have an intrinsic self-renewing capacity, by which they divide asymmetrically and symmetrically to perpetuate the stem cell pool throughout life. Also, they can give rise to several mature cell lineages under appropriate conditions, a property known as multilineage potential or differentiation potency [3] .
Several stem cell types are known to exist and they can be classified hierarchically according to their multilineage potential ( Fig. 1) , commencing with the totipotent zygote that has the greatest differentiation potential, followed by embryonic stem cells (ESCs), which are restricted to embryonic lineages [4] , and ASCs, which comprise principally hematopoietic (HSCs) and mesenchymal (MSCs) stem cells [5] . A simplified classification of stem cells with respect to their origin and their abilities to differentiate into tissue lineages is shown in Fig.  1 .
Embryonic stem cells are derived from the inner cell mass of a blastocyst that forms early during embryogenesis [6] . ESCs have unlimited potential to produce almost every cell type in the body and are considered pluripotent. ESCs retain an extraordinary plasticity to produce specialized cell types and they can be cultured indefinitely in an undifferentiated state [4] . These properties make them a particularly attractive choice for cell therapy. Despite the growing knowledge about their enormous potential and promise, ethical concerns may limit their exploitation for cell-based therapeutic applications.
Adult stem cells, which are the central focus of this review, are multipotent stem cells that can be found in a broad range of tissues [7] . Indeed, it is thought that most organs and tissues contain a pool of multipotent stem cells to regenerate or replace lost or damaged cells [8] . Not only are these cell reservoirs responsible for normal tissue maintenance, but they are also considered to be prime targets for modification (genetic and epigenetic alterations). To date, ASCs have been derived from bone marrow, peripheral blood, blood vessels, brain, skeletal muscle, epithelia of the skin and digestive system, cornea, retina, liver, and pancreas.
Hematopoietic stem cells are unquestionably the best characterized multipotent stem cell population and were first isolated from bone marrow almost 30 years ago [9] . Although HSCs predominantly reside in the bone marrow, they can also be found in umbilical cord blood and in peripheral blood [10] . HSCs function to generate all blood cell types, both myeloid and lymphoid lineages, to maintain proper hematopoietic function [11] . It is now generally acknowledged that HSCs can be purified with ease because they specifically express the CD34 antigen on their surface [12] .
Mesenchymal stem cells are a type of nonhematopoietic ASC that give rise to multiple mesenchymal lineages, such as cartilage, bone and fat. The first evidence that they were present in the bone marrow was presented by Friedenstein and colleagues in the 1970s [13] . MSCs can be found in nearly all tissues and are generally located in perivascular niches [14] . The major MSC reservoirs include bone marrow [7] , peripheral blood [15] , adipose tissue [16, 17] , lung [18, 19] and neonatal tissues [20] . MSCs have three main characteristics that make them ideal for the creation of off-the-shelf therapies. First, they have a remarkable ability to proliferate in vitro and differentiate into many (but not all) cell types. Second, they are endowed with migration and homing properties through which they can reach damaged tissues [21] . Finally, they exhibit immunomodulatory properties; they avoid allorecognition through the low expression of major histocompatibility complex (MHC) class I and the absence of MHC class II, and they generate a local immunosuppressive microenvironment through the secretion of cytokines [22] . Despite their ease of isolation using a combination of cellular membrane markers, there is, nevertheless, no unique marker to distinguish MSCs, as there is for HCSs.
Progenitor cells are the early descendants of ASCs and are principally found in specific tissues, leading to their designation as tissue-specific stem cells. They have the ability to differentiate into one or more cell type. The major differences between ASCs and progenitor cells are that progenitor cannot replicate indefinitely, and most progenitors are considered oligopotent [23, 24] . Nonetheless, these differences are still unclear and the terms are often used interchangeably. Progenitor cells can be classified into different subtypes depending on their cell type of origin.
Mesenchymal progenitor cells are a committed lineage derived from MSCs and are present within a specific organ, giving rise to all mesodermal tissue [25] . These precursors are found mainly in adipose tissue, muscle or the vascular system. For example, preadipocytes/adipose progenitor cells (APCs) are present within adipose tissue and they are many times also called MSCs [17, 26] . Satellite cells are dormant progenitors located at the periphery of skeletal myofibers that can be triggered to proliferate for self-renewal and to differentiate into myogenic cells. They have an important role in muscle regeneration [27, 28] . Cardiac stem cells or resident cardiac precursors cells (CPCs) have been isolated from the heart based on their cell surface phenotype and play an important role in heart maintenance and can restore cardiac function [29, 30] . Other examples include endothelial precursor cells, pericytes and mesoangioblasts, which can be isolated from the vascular system and are termed vessel-resident stem/progenitor cells [31] . Endothelial progenitor cells are multipotent cells within the vascular system and play a role in the regeneration of the endothelial lining of blood vessels [32] . Pericytes reside on the wall of blood vessels and function to maintain vessel integrity. They are now acknowledged as being functionally diverse and sophisticated and present a high differentiation capacity [33] . Mesoangioblasts are mesenchymal-like cells associated with the walls of the large vessels and express the marker of angiopoietic progenitors Flk1 [34] . Pericytes and mesoangioblasts exhibit many similarities.
Endodermal progenitor cells give rise to the gut tube and to all endoderm tissues. Recently discovered progenitor cells belonging to this group include lung, liver and pancreatic progenitor cells. Lung progenitor cells have been identified as small populations of lung resident cells that display stem cell features [35] . Several studies have shown that lung progenitors share some common characteristics with MSCs [19] . The existence of pancreatic progenitor cells, which possess abilities of self-renewal and multipotency, is controversial. Some research has demonstrated the presence of pancreatic duct cells expressing the transcription factor Pdx1 that are capable of self-renewal and differentiation into insulin-, glucagon-and somatostatin-producing cells [36, 37] . Liver progenitor cells have been located and isolated from livers of all donor ages. Evidence for the existence of diverse sources of liver progenitors has been found in biliary glands or near to the different hepatic ducts [38, 39] .
Ectodermal progenitor cells give rise to ectoderm tissue, with skin and nervous system being the main representatives. This group comprises recently discovered neural and epidermal precursors. Studies have shown that some glial cells function as progenitors or neural stem cells (NSCs) [40] , which are able to self-renew and generate the main phenotypes of the nervous system including neurons, astrocytes, and oligodendrocytes [41, 42] . Skin precursors/epidermal stem cells have been located within specific niches in the hair follicle and the epidermis. These cells ensure the maintenance of adult skin homeostasis and hair regeneration, but they also participate in the repair of the epidermis after injury [43] .
Thus, stem cells can be obtained from many tissues with relative ease and are therefore available for research and clinical applications. Because a better understanding of their biology is fundamental for their use in clinical therapies, it is important to comprehend the niche concept.
Diversity of the stem cell niche
The term niche was first coined by Schofield in 1978, who originally hypothesized the existence of an anatomical compartment required for maintenance of stem cells [44] . Stem cell niches are proposed as physical and dynamic spaces that transmit and receive signals to govern stem cell quiescence and self-renewal [45] . This local microenvironment also protects stem cells by maintaining a low partial oxygen pressure [46] . Indeed, it has been described that hypoxia-inducible factors regulate the HSC niche [47] .
Two basic types of niches have been described: stromal niches, where stem cells are not always present, and epithelial niches devoid of specialized cells [48] . Niches have been identified in diverse localizations. ESCs are derived from the inner cell mass, indicating the presence a special niche in the embryo with various factors that induce their differentiation for embryo development [49] . ESCs have garnered much attention as a source of cells for regenerative therapies due to their almost indefinite self-renewal capacity in culture and their robust differentiation into all cell types. Nonetheless, to maintain karyotypically stable ESC cultures, it is necessary to grow them on embryonic fibroblasts or some other extracellular microenvironment [50] , demonstrating their niche requirement in vitro.
ASCs in the body are found in many diverse specific stem cell-niches. A structurally unique niche has been described in the bone marrow, which contains two different stem cell populations (HSCs and MSCs), both of which are tightly regulated by common signals [51] . HSCs are located principally in the red bone marrow and MSCs are found mainly in the stromal bone marrow. A stem cell niche can be found in almost every tissue. Adipose tissue represents an important stem cell source and APCs are associated with perivascular cells surrounding the blood vessels in adipose tissue and reside in hypoxic locations [52] . Satellite cells of the skeletal muscle are located along muscle fibers, between the basement membrane and the sarcolemma [28] . Whereas cardiac progenitors have been identified in the heart, the specific niche localization remains elusive [53] . However, it has been reported that the myocardium possesses interstitial structures with the architectural organization of stem cell niches that harbor cardiac progenitors [54] . The vascular system contains endothelial progenitors and pericytes located in different vasculature components that are actively involved in tissue repair, which correspond to a vascular niche present in various tissues [55] . Endodermal progenitors are less well studied and little has been reported on potential niche locations. It is known that lung contains a stem cell population that appears to reside in the intercartilage region, where there are abundant blood vessels and nerves [56] . Bronchoalveolar duct junctions have been also proposed to act as niches [57] . Hepatic progenitors in the liver can be found in the canals of Hering, where cells are slow-cycling precursors, and in the space of Disse, where cells are quiescent [58] . In the pancreas, progenitor epithelial cells are located in the pancreatic ducts [59] . The nervous system harbors a NSC population in the Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry subventricular and subgranular zones [60] . A recent study has demonstrated the existence of a stem cell niche in the lateral ventricle choroid plexus [61] , the main producer of cerebral spinal fluid, which secretes signals to modulate the activity of NSCs. Skin is a very wellstudied source of stem cells, and it is known that progenitor populations reside in the epidermis and hair follicles, ensuring the maintenance of adult skin homeostasis and hair regeneration [43] . Despite their different anatomical locations, it is clear that niche environments share common components: I) Stromal support cells are the major components, but cellcell adhesion molecules and secreted factors also play an important role; II) ECM proteins establish a supportive scaffold between cells; III) the vasculature is responsible for providing nutritional support, signaling and exchange between the niche and the remaining tissues; and IV) nervous system, which facilitates stem cell mobilization through neural input with different organ systems.
Niche maintenance is dependent on the complex interplay between soluble mediators, intrinsic signaling pathways and microenvironmental signals [62] . Regulation can be modulated by local signaling, by long-distance cues with hormones or by the autonomic nervous system. Indeed, it is well known that secreted factors from the bone marrow microenvironment are important for HSC maintenance, such as CXCL12, angiopoietin-1 or TGFalpha [48, 63] . Some studies have demonstrated how the sympathetic nervous system can regulate bone marrow and mobilize HSCs [64] , and how hormone signaling can promote a stem cell niche response [65] . Therefore, the precise interactions between niche components and various other factors, including the metabolic milieu, and the resident tissue environment, is important for proper stem cell function.
Notwithstanding the intrinsic capabilities of stem cell niches to self-regulate their activity through [143, 144] , NSC [145] .
Osteoporosis MSC [76, 77] .
Cardiovascular diseases CPC [80, 81] .
Obesity APC [88, 89, 146] , HSC [90] , MSC [91, 147] .
Diabetes APC [92] , HSC [93] , EP [94] .
Hypercholesterolemia HSC [97, 98] .
Glucocorticoids imbalance MSC [101, 102] , NSC [148] .
Rheumatoid arthritis MSC [107, 108] .
Systemic lupus erythematosus MSC [111, 149] .
Cancer HSC [118, 123] , MSC [123, 124] .
Aplastic anemia MSC [127, 129] , HSC [128] . 
Stem cell behavior in different diseases
The stem cell niche is tightly regulated in adult tissues though the combined action of local and systemic effectors [66] . Under normal physiological conditions, stem cells maintain tissue homeostasis by responding to perturbations through proliferation and differentiation. Nevertheless, some disease states have the capacity to alter the properties of stem cells, such that their quality might be compromised, excluding their use for regenerative therapies. In the following section, we present a diverse group of diseases described to affect stem cell behavior (Table 1) , and hence must be considered before their use in cell therapy. We have grouped these disorders into four classes: degenerative, cardiovascular, metabolic, and inflammatory disease (Fig. 2) .
Aging and degenerative diseases
The concept of degeneration makes reference to a process whereby tissue deteriorates and loses its functional ability due to genetic or environmental factors. Some degenerative diseases can alter stem cell properties, such as aging or osteoporosis.
Aging is the most common studied health condition that directly affects the properties of stem cells [67] . Aging is a complex process that represents the accumulation of changes over time in an organism. Although not a degenerative disease per se, the continuous cell and tissue changes throughout life make it similar to degenerative processes. The life-long persistence of stem cells makes them vulnerable to the accumulation of cellular damage, which can lead to senescence, loss of regenerative function or even to cell death [67] . Many tissues show a decrease in the ASC population with age, as well as proliferative dysregulation and a decline in functional capacity [68] . This effect clearly reduces the effectiveness of cell repair and regeneration in aged organisms. Aging also affects stem cell behavior through modifications in niche compartments [69] , causing the loss of acellular components and alterations in molecular factors [70] .
It is generally accepted that the accumulation of toxic metabolites, including reactive oxygen species (ROS) [71] , can lead to the progressive damage of DNA and other macromolecules. Protein homeostasis, which includes synthesis and turnover of the proteome, is equally important to assure stem cell function and aging is one of the main risk factors associated with protein quality control due to failures in autophagy-lysosomal and ubiquitin-proteasome systems [72] . Furthermore, mitochondrial dysfunction is causatively linked to some phenotypes of aging, and can result from the accumulation of mutations in mitochondrial DNA [73] .
Collectively, these processes promote the gradual loss of stem cell functionality and lead to a depletion of the stem cell pool in aged individuals. In addition, they have also been associated with a decline in stem cell regenerative capacity. The principal stem cell populations known to be affected by aging with regard to their cell abundance, behavior and impact are HSCs, MSCs, intestinal stem cells, satellite cells of the skeletal muscle, NSCs, skin stem cells and germ-line stem cells [74] .
Osteoporosis is an age-related disease characterized by a reduction in bone mass [75] . It has been shown that MSCs from osteoporotic patients present a deficiency in osteogenic differentiation [76] . Moreover, MSCs from patients with osteoarthritis, which is associated with degenerative changes both in bone and cartilage, present reduced chondrogenic and adipogenic activity [77] . These studies confirm that a correct homeostatic maintenance of tissues is required to prevent alterations within MSC populations.
Cardiovascular diseases are a group of pathological disorders affecting the cardiovascular system. While many factors can be involved in the etiology of the disease, such as atherosclerosis, hypertension, stroke and coronary artery disease, the general consequence
is blood vessel dysfunction or heart failure [78] . Heart failure occurs when the heart is unable to pump sufficient blood to the body and it is associated with a progressive and considerable loss of cardiomyocytes [79] . Loss of competent CPCs in chronic ischemic cardiomyopathy may underlie terminal heart failure [80] . Interestingly, an age-related cardiac defect has been reported, with CPCs undergoing senescent-like changes that impair their regenerative capacity [81] . Additionally, diabetes leads to a decompensated myopathy through enhanced oxidative stress, in which oxygen toxicity may alter CPC function ultimately resulting in growth defects and myocyte malformation [82] . All these effects promote stem cell death and impair heart regeneration, and so clearly they would be of little use in autologous therapy. It is important to remember that the behavior of the heart is likely no different to that of other self-renewing organs and its tissue-specific stem cells will be equally affected by the diverse negative alterations. However, the potential self-renewing ability of the heart remains controversial and it is currently thought that dividing myocytes rather than CPCs are the cells involved in tissue repair.
Metabolic disorders
Several metabolic syndromes cause alterations to the stem cell niche, including the presence or absence of specific metabolites. The most common underlying pathologies include obesity, diabetes, hypercholesterolemia and endocrine disorders.
Obesity is a metabolic disease conditioned by environmental and genetic factors [83] . Obesity is associated with a pro-inflammatory response in a wide variety of tissues, contributing to tissue inflammation and metabolic disease [84] . The inflammatory response triggers an increase in circulating cytokines, leukocyte recruitment and their activation, and the generation of a reparative response. Indeed, obesity is associated with a chronic lowgrade inflammation characterized by the continuous activation of the immune system. The negative effects of obesity on stem cells described are numerous. Subcutaneous adipose tissue from obese patients has a diminished reservoir of functionally active stem cells [85] . Moreover, metabolism and maturation of APCs are arrested in an obese environment [17] , and their ability to migrate or invade a tissue is impaired [86, 87] . Mechanistically, obesity causes a short circuit in the stemness gene network [88] , promoting an imbalance in metabolism and a reduction in stemness properties [89] . These alterations have been described mainly in the adipose tissue reservoir because of changes to the adipose tissue niche. Nevertheless, some studies have examined the negative effect of obesity for the bone marrow niche [90] . Chronic low-grade inflammation associated with obesity is a stressor for HSCs and MSCs resident in the bone marrow due to the continuous response to cytokine inflammation. In turn, inflammation causes alterations in the microenvironment with implications for cell production [90] . This therefore implies that obesity impedes proper functioning of the immune system through an impairment in the bone marrow niche [91] . Thus, obesity has a negative impact on various stem cell populations due to metabolic imbalance and associated inflammation, both affecting stem cell reservoirs.
Diabetes is characterized by metabolic abnormalities in carbohydrate and lipid metabolism and altered immune function. Cramer et al. investigated the effect of prolonged hyperglycemia on MSC properties using APCs from non-diabetic (nAPC) and diabetic (dAPC) donors, observing an impaired function of dAPCs for glucose metabolism, cell replication, apoptosis, and differentiation potential [92] . Additionally, it has been described that diabetes impairs HSC mobilization via altered perivascular neural and mesenchymal cell function in bone marrow [93] , and also weakens vascular repair by marrow-derived endothelial progenitor cells [94] . Nevertheless, it has been also described that MSCs from patients with newly diagnosed type 1 diabetes mellitus, also known as autoimmune diabetes and characterized by β-cell loss, exhibit preserved in vitro and in vivo immunomodulatory properties [95, 96] . Compared with those from healthy donors, MSCs from patients showed no differences in terms of morphology, gene expression, immunosuppressive activity and migratory capacity, and so they could be used for autologous systemic therapy.
Hypercholesterolemia, also known as dyslipidemia, is characterized by the presence of high levels of cholesterol in the blood. It typically results from a combination of environmental (diet, obesity) and genetic factors. It has recently been described that hypercholesterolemia may cause aging of HSCs [97] . Tie et al. showed that high levels of dietary cholesterol leads to the accumulation of oxidized low-density lipoprotein in a variety of cells and tissues that promotes phenotypic changes characteristic of aging, including altered ROS metabolism, loss of quiescence and a decreased proliferation capacity [97] . Furthermore, it has been shown that hypercholesterolemia induces a pathologic state in HSC populations [98] , favoring the development of pro-inflammatory myeloid cells that aggravate the development of atherosclerosis. Pineal gland: Melatonin.
Melatonin secretion progressively declines with age, but is also strongly reduced in Alzheimer disease, neurological and stressful conditions, pain, cardiovascular disease, some types of cancer and in endocrine and metabolic disorders [150] . Melatonin has been recently described to protect cells from ROS [151] .
Pituitary gland: Growth hormone, thyroidstimulating hormone, adrenocorticotropic hormone, beta-endorphin, follicle-stimulating hormone, luteinizing hormone, prolactin, melanocyte-stimulating hormone, oxytocin and vasopressin.
Among the pituitary hormones, ACTH excess induces an overproduction of cortisol (Glucocorticoid*). However, all hormones are related to metabolism and can affect the stem cell niche.
Thyroid: Triiodothyronine, thyroxine and calcitonin. Hyper-and Hypothyroidism leads to dysregulated metabolism.
Parathyroid: Parathyroid hormone.
Hyper-and hypoparathyroidism are characterized by alterations in blood calcium levels and bone metabolism, so could have an effect on bone-marrow stem cells.
Adipose tissue: Leptin*.
Alterations in leptin levels induce body weight changes and have a well-described negative effect on adipose stem cell populations.
Digestive System: Gastrin, secretin, cholecystokinin, gastric inhibitory peptide and motilin.
Changes in gastrointestinal hormones by digestive disorders are related to metabolic diseases that could also alter some stem cell niches.
Liver: Insulin-like growth factor, angiotensinogen, angiotensin and thrombopoietin. Pancreas: Insulin, glucagon, somatostatin and pancreatic polypeptide Hepatic and pancreatic hormones are implicated in different metabolic pathways. Altered hormonal levels in these organs are related to diabetic processes, weight loss and obesity, and consequently the adipose stem cell niche Kidney: Renin, erythropoietin, calcitriol and thrombopoietin.
Altered calcitriol levels affect vitamin D receptor functions that are essential for normal stem cell function [152] . Others are important in bone marrow regulation [153] Adrenal gland: Glucocorticoids, mineralocorticoids and androgen. adrenaline, noradrenaline and dopamine.
Adrenal hormones are implicated in metabolism, and so have important effects on the stem cell niche*.
Sexual organs: Androgens, estradiol, inhibin, progesterone, androstenedione and estrogens.
It has been shown that sexual dimorphism influences stem cell functions throughout the body. Recent studies reported the effect of some of these hormones on stem cells properties [154] [155].
Cellular Physiology
Endocrine disorders. The endocrine system refers to a group of glands that produce and secrete hormones into the blood to regulate a variety of physiological processes. It is considered an information signaling system via molecular signals that act in different body locations. Many organs have secondary endocrine functions. The major endocrine glands or organs, their hormones and their potential or described effects on stem cell populations are listed in Table 2 . Different hormonal disorders can cause alterations in the stem cell environment, among which is the well-described effects produced by changes to glucocorticoid levels.
Glucocorticoids (GCs) are steroid hormones that seem to affect almost every tissue and organ system in the body. Clinically, they are used as anti-inflammatory and immunosuppressive drugs for a variety of diseases such as inflammation, cancer and autoimmune disorders [99] . GC levels can be elevated in patients due to treatment with supraphysiological levels or by generation through natural excess (e.g., in Cushing's disease). Irrespective of the reason for their elevated levels, GCs can impact on stem cell properties especially via their effects on metabolism [100] . Accordingly, it has been described that GCs have inhibitory effects on bone marrow stromal stem cell proliferation and osteoblastic differentiation, resulting in decreased bone formation [101] . Indeed, GCs appear to selectively and negatively impact on cells and tissues that arise from bone marrow-derived stem cells [102] .
Inflammatory diseases
The inflammatory response is a primary defense mechanism that occurs immediately following injury or infection and is necessary to restore tissue function [103] . A persistent stimulus leads to chronic inflammation, with a dysregulation between destructive inflammatory and excessive healing responses seen in diseases such as arthritis, atherosclerosis and asthma [104] . Chronic inflammation is caused by a variety of factors and can predispose an individual to obesity, diabetes or cancer [105] . Some pathologies have been described whose inflammatory responses are related to the negative effects on ASC populations. As mentioned earlier, obesity and its related inflammatory state promote altered stem cell states. Other inflammatory diseases with direct effects on stem cells are being actively investigated.
Rheumatoid arthritis is a systemic autoimmune disease with an unknown etiology that is characterized by chronic inflammation of the joints and an imbalance in cell and cytokine profiles [106] . Abnormalities both in hematopoietic progenitor cells and bone marrow stromal cells have been described [107] , and patients with active rheumatoid arthritis present a low frequency and accelerated apoptosis of bone marrow CD34 + cells, defective clonogenic potential of marrow progenitor cells, and impaired hematopoiesis. Significant changes occur with disease progression including alterations in self-renewal and differentiation of bone marrow MSCs, which changes the composition of the microenvironment [108] . Regarding their use in therapies, cell abnormalities might impact on the harvesting and engraftment potential of stem cells in these patients.
Systemic lupus erythematosus (SLE) is an autoimmune disease involving several vital organs and is characterized by an autoreactive immune system that attacks the patient's own tissues [109] . It has been shown that MSCs from SLE patients have an altered morphological and phenotypical state, showing early signs of senescence. Cells also present an altered telomerase activity and have reduced proliferative capacity [110, 111] .
In conclusion, inflammatory diseases can lead to the increase in levels of immune cells and cytokines that can affect stem cell biology through alterations to the niche.
Altered stem cell behavior in cancer
Stem cell populations may be altered by genetic or environmental factors and can be related to the development of cancer. Cancer involves abnormal cell growth and an acquired potential to invade or spread to remote tissues. Cell transformation is due to a progressive accumulation of acquired mutations in normal cells. Two hypotheses currently exist for the origin of cancer [112] . One proposes that any cell in the body can undergo changes and As the microenvironment has a critical role in regulating stem cell function, alterations to the niche can also play a role in the development of cancer [113, 114] . Because the balance between the states of stemness and differentiation depend on conditions in the niche, alterations in the niche at the signaling or structural levels could lead to the development of certain cancers [115] . The cancer stem cell (CSC) hypothesis proposes that tumors appear to rely on a pool of CSCs that are phenotypically similar to normal stem cells since they share an ability to proliferate, self-renew and generate differentiated cells. However, CSCs lose the mechanisms that regulate proliferation and differentiation, through mutation in important pathways such us Wtn, Notch or Hedgehog [116] , resulting in uncontrolled growth and incomplete differentiation of tumor cells [117] . While the target cell is unknown in most cancer types, certain cancers have mutations in a stem cell, leading to the development of cancer as discussed below.
Leukemia comprises a group of hematological disorders characterized by abnormal proliferation of white blood cells. Chronic exposure to intrinsic and extrinsic stress can cause DNA damage to stem cell populations, leading to mutations and resulting in malignant transformation [118] . Leukemia is the result of deregulation of normal HSC development by genetic mutations that produce a population known as leukemic stem cells (LSCs). Several types of leukemia have been identified, including acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML), chronic lymphoblastic leukemia (CLL) and chronic myeloid leukemia (CML). The existence of LSCs was first described in AML [119] and many studies have identified mutations in different genes [reviewed in [120] , and many other genes have been described in CML [121] . The existence of LSCs derived by malignant transformation of stem cells for is less clear for ALL, and instead it appears to be caused by a variety of mutated committed progenitors [122] . Sarcomas are a rare and diverse group of tumors that derive from mesenchymal tissues. There is evidence to suggest that MSCs might be tumor-initiating cells, capable of initiating sarcomagenesis [123] . There are also reports showing that sarcomas represent good examples of the CSC model; however, it has yet to be shown whether MSCs are the cell of origin. An important model for cancers originating in progenitor-type cells is Ewing Sarcoma [124] , which is a biologically aggressive malignancy of bone and soft tissue initiated by a chromosomal translocation. Overexpression of the fusion gene resulting from this translocation in mesenchymal progenitor cells can in part phenocopy the sarcoma, whereas its gene silencing in tumor cells results in a gene signature resembling mesenchymal progenitor cells [124] .
Breast cancer constitutes the first human cancer for which a putative CSC has been isolated, although other candidate CSCs have been identified in many other malignancies. Some reports have related the existence of mammary stem cells existence and their transformation as a model of carcinogenesis in breast cancer [reviewed in [125] . It has been suggested that human breast tumors contain a cell pool of CSCs with tumorigenic properties [126] . Nevertheless, whether these pathologies originate from altered normal stem cells or not, tumor growth apparently depends on a small population of stem-like cells.
In contrast to the general unchecked proliferation of malignant cells in cancer, some diseases are categorized by a decrease (or an absence) in cell number. Aplastic anemia is an unusual disease in which the bone marrow is injured and there is a break in the production of new blood cells due to damage to the stem cell population [127] . It can be caused by several factors, among which are exposure to chemicals, drugs or radiation, immune disease or unknown causes, which can affect both HSC and MSC populations. Aplastic anemia was originally suggested to be a primary HSC deficiency or a secondary HSC defect due to an abnormal balance between cellular death and differentiation [128] . However, MSCs as marrow microenvironment cells may also play an important role in the development of the disease by causing an imbalance in immune regulation and aggravating bone marrow failure [129] . 
Conclusion
Stem cell therapy has the potential to be an important resource to treat many diseases that currently cannot be cured by traditional pharmacological therapy. The therapeutic potential of stem cells has profoundly changed the landscape of medical research, generating a new field of regenerative medicine. However, many studies have demonstrated the potential disadvantages of using some stem cells, which depend in part on the physiological state of their source of origin.
The degeneration of tissue-specific stem cell regenerative potential is a hallmark of aging, but may also be associated with diverse diseases. Here, we have reviewed the influence of systemic factors present due to different pathologies and their effect on diverse progenitor cells, and how disease could alter the stem cell hallmarks (Fig. 3) . We have found data about altered genomic instability [130] , telomere attrition [89, 131] , epigenetic alterations [132] , loss of proteostasis and deregulated nutrients [88] , mitochondrial dysfunction [133, 134] , cellular senescence and stem cell exhaustion [85] and altered cell communication [135] . Along this line, different studies using heterochronic parabiosis experiments elegantly demonstrated that environmental factors influence stem cell functions [136] ; exposure of stem cells to systemic factors from young mice increased their proliferative capacity. Pairing two animals in parabiosis proves that circulatory factors from one animal can affect the other. Given the remarkable ability of stem cells to respond to different stimuli, it is not surprising that different diseases may impact stem cells and their niches.
It is clearly important to know the quality of the stem cell source for its use in regenerative medicine and it is especially relevant for autologous stem cell transplantation regimens to consider the patient´s disease history. Also important is the health history of the donors who participate in different stem cell therapies. Further studies are needed to ensure the quality and safety of large-scale expansion of patient ASCs prior to their potential use in clinical trials.
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